Abstract. The conclusion which is drawn from the EPR line broadening and narrowing of the N shallow donor in an isotope enriched and non-enriched 4H-SiC and 6H-SiC crystals along with previous ENDOR results shows that the spin-density distribution over the C and Si nuclei differs between the 4H-SiC and 6H-SiC polytypes. The main part of the spin density in 4H-SiC is located on the Si sublattice. In contrast, in 6H-SiC the main part of the spin density is located on the C sublattice. An explanation for the difference in the electronic wave function of the N donor in 4H-SiC and 6H-SiC can be found in the large difference in the band structure of two polytypes and in the position of the minima in the Brillouin zone.
Silicon Carbide (SiC) is а promising wide-band-gap semiconductor for applications in highfrequency, high-temperature, high-power and radiation-resistant electronic devices. A good understanding of the electronic properties of the donor and acceptor centers is imperative for the development of semiconductor devices. An important issue is the spatial delocalization of the electronic wave function of the donor and acceptor centers in SiC.
There are two methods to investigate the space distribution of shallow donor (or acceptors) wave function in the case of unresolved hyperfine (hf) interactions: to study electron nuclear double resonance (ENDOR) or to study the EPR linewidth on the samples with changed isotopic composition of nuclei having the nonzero nuclear magnetic moment ( 13 C and 29 Si in SiC crystal) since the EPR linewidth arises from the hf interaction of the electron with the 13 C and 29 Si nuclei. The most effective way is to use the both methods to check by EPR whether no important hf interactions have been overlooked in ENDOR data.
The EPR linewidth at half maximum, ∆B, can be written as [1] ( )
where n i and n j are the number of equivalent sites in the ith Si shell and the jth C shell; a i and a j are the hf interactions for equivalent sites in the ith Si shell and in the jth C shell; f(Si) and f(C) are the fractional abundances of 29 28 Si-enriched and 13 C-enriched 6H-SiC (left) and 4H-SiC (right) as measured at X-band. In 6H-SiC the position of N line is presented only for one quasi-cubic site. The arrows in the bottom show the EPR lines of N in 6H-SiC substrate which was used to grow 4H-SiC (15% 13 C). Fig. 1 shows a general view of the EPR spectra of the N donor in non-enriched, 13 C-enriched (∼25%), 28 Si-enriched (low abundance ∼0.5% of 29 Si) 6H-SiC for B ⊥ c and the EPR spectra of the N donor in non-enriched, 13 C-enriched (∼15%), 28 Si-enriched (low abundance ∼0.5% of 29 Si) 4H-SiC for B || c. One can see the three typical lines which belong to N shallow donors. In non-enriched and 28 Si-enriched crystals the additional splitting of the components is due to two quasi-cubic positions of N donors. Under UV light excitation the signal of shallow B is strongly enhanced. For 13 C-enriched 6H-SiC crystal two orientations are presented, the central anisotropic line seems to belong partly to N shallow donor in hexagonal position and probably unresolved shallow B EPR spectra. Fig. 2 shows the high-field components of the EPR spectra of the N donor in non-enriched, 28 Si-enriched and 13 C-enriched 6H-SiC for B ⊥ c (left) and in non-enriched, 28 Si-enriched and 13 Cenriched (15 % 13 C) 4H-SiC for B c (right) crystals as measured at X-band at 40 K. Double line in Fig. 2 is due to the splitting of quasi-cubic k 1 and k 2 sites in 6H-SiC. It is clear that the spectral changes due to the 13 C enrichment and low abundance of 29 Si in 28 Si-and 30 Si-enriched crystals are very different for two polytypes. In 4H-SiC, a slight broadening (1.5 times) of the EPR line is observed in 13 C enriched sample. In 6H-SiC, however, the linewidth is increased more than three times. Opposite effect was observed in the crystals with low abundance of 29 Si. In 6H-SiC, a slight narrowing of the EPR line is observed, in 4H-SiC, however, the linewidth is decreased more than three times. According to Eq. 1 the calculated ratio of the linewidths for the isotopically enriched sample to one with normal isotopes is [f(Si enriched)/f(Si normal)] 1/2 for the shallow donor in silicon [1] . In the case of SiC the ratio of the linewidths has more complicated form due to existing of Si and C and real ratio depends on a contribution of both atoms into the linewidth. If to assume that the linewidth is entirely due to unresolved hf interaction with 13 C the calculated ratio of the linewidths for the 25% 13 C enriched 6H-SiC sample to one with normal isotopes is (0.25/0.011) Table 1 , we conclude that in 4H-SiC the main part of the spin density resides on Si atoms since the 25% 13 C enrichment leads to a small line broadening and low abundance of 29 Si in 28 Si-or 30 Si-enriched crystals leads to strong narrowing of the EPR line. In contrast, in 6H-SiC we conclude that the main part of the spin density of the N donor is located on C atoms because of the large line broadening upon 25% 13 C enrichment and small line narrowing in the crystal with low abundance of 29 Si. The conclusion which is drawn from the EPR line broadening and narrowing of the N donor in enriched and non-enriched 4H-SiC and 6H-SiC shows that the spin-density distribution over the C and Si nuclei differs between the 4H-SiC and 6H-SiC polytypes. The main part of the spin density in 4H-SiC is located on the Si sublattice. In contrast, in 6H-SiC the main part of the spin density is located on the C sublattice. To check whether this study is in line with the ENDOR results [3] where the N donors' space distribution of the wave function was probed we have calculated the EPR linewidths from the hf interactions with the 29 Si and 13 C nuclei as determined from the ENDOR measurements [3] . Similar to shallow donors in Si [1] about 80% of the linewidth arises from several (four in Si) largest hf interactions. That is why in our calculations we include only those shells that have Table 1 it is clear that the calculations agree well with the experimentally found linewidth. An explanation for the difference in the electronic wave function of the N donor in 4H-SiC and 6H-SiC can be found in the large difference in the band structure of two polytypes and in the position of the minima in the Brillouin zone.
The shallow B acceptors EPR spectra allowed accurately to determinate the 13 C and 29 Si enrichment from the intensity of 13 C and 29 Si hf lines. For shallow B in the both polytypes the main part of the wave function is located on the C sublattice because only a change of the isotope abundance of 13 C result in broadening of the EPR line. In contrast, a decrease of the isotope abundance of 29 Si did not change practically the EPR linewidth. Unlike the nitrogen donor in silicon [5, 6] and diamond [7] that are a deep-level impurity (~330 meV in Si and ~2 eV in diamond) the substitutional N in SiC is observed to be a shallowlevel impurity (54 meV in 3C-SiC). The substitutional N in neutral state in Si and diamond was shown to occupy an off-center site on the <111> axis with the donor electron in an a 1 antibonding state. The comparison of these studies are of big interest because of the similarities of the substitution of group-V impurities group-IV compound Si, C and SiC. These results raise questions regarding the origin of driving force for <111> axes distortion in Si and diamond and an absence of such a distortion in SiC. As a result substitutional N in Si and diamond is the deep-level donor and the substitutional N in SiC is the shallow donor. The explanation of these two opposite features for the paramagnetic wave function of deep N donors in silicon and diamond (the theoretical consideration has been made in Refs. 8-10) from one side and shallow N donor in SiC from other could be a test of a validity of the theory for such a systems. This work was supported by RFBR, Program of RAS "Spin-dependent effects in solids and Spintronics" and ISTC #2630.
